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(57) ABSTRACT

A method for controlling an on-board charger (OBC) of an
eco-friendly vehicle can widen the range of an AC input
power frequency at which the charging operation of the
OBC is possible without increasing the capacity of a power
factor correction (PFC) capacitor. According to the method,
an increase in output voltage ripple of the PFC capacitor is
suppressed by sensing an AC input voltage frequency and
then performing variable control of decreasing output power
of the OBC based on the sensed frequency, i.e., a variable
control of decreasing the output power of the OBC as the AC
input voltage frequency decreases, so that the range of the
AC input power frequency at which the charging operation
of the OBC is possible can be extended without increasing
the capacity of a PFC power element.
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1
METHOD FOR CONTROLLING ON-BOARD
CHARGER OF ECO-FRIENDLY VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 US.C. §119(a) the
benefit of Korean Patent Application No. 10-2014-0095710
filed on Jul. 28, 2014, the entire contents of which are
incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a method for controlling
an on-board charger (OBC) of an eco-friendly vehicle, more
particularly, to a method for controlling an OBC of an
eco-friendly vehicle, in which the range of an AC input
power frequency at which the charging operation of the
OBC is possible can be widened without increasing the
capacity of a power factor correction (PFC) capacitor.

(b) Description of the Related Art

In general, a plug-in hybrid vehicle, an electric vehicle, or
the like, which are eco-friendly vehicles, include a high
voltage battery, a traveling motor driven using the high
voltage battery as a power source, an inverter for converting
AC power into DC power in charging/discharging of the
high voltage battery, and the like.

Particularly, a separate charger (also known as an on-
board charger (OBC)) for generating charging current with
respect to the high voltage battery by converting external
power (e.g., power of electric vehicle supply equipment
(EVSE) or household AC power) into rechargeable AC
power is mounted in the eco-friendly vehicle. Accordingly,
electric energy necessary for traveling is charged in the
battery through the OBC from charging equipment, so that
the driving of the eco-friendly vehicle is performed.

A battery charging method using the charger includes
applying household AC power to the charger mounted in a
vehicle; generating charging current by allowing AC power
to be converted into DC power by the charger; and charging
a high voltage battery by applying the charging current
generated in the charger to the high voltage battery.

FIG. 1 (RELATED ART) is a configuration view illus-
trating an OBC of an eco-friendly vehicle.

As shown in FIG. 1, the OBC includes an AC power
rectifier 10, a power factor correction (PFC) converter 12 for
correcting a power factor, a DC-DC converter 14 for per-
forming charging control by converting a voltage charged to
a high voltage battery 16 into a DC voltage, and the like.

Particularly, the PFC converter 12 is configured between
the AC power rectifier 10 and the DC-DC converter 14 in the
OBC, in consideration that the improvement of the power
factor is essentially required as the high voltage battery is
charged using AC power.

An output capacitor 13 of the PFC converter 12 generates
and outputs an output voltage ripple of a sine wave by
absorbing input current (in the direction of the arrow in FIG.
1) following the rectification form of AC input power due to
PFC control.

More specifically, the output capacitor 13 of the PFC
converter 12 generates an output voltage ripple of a PFC
capacitor (see FIG. 2 (RELATED ART), graph (a)) repre-
senting a sine wave by absorbing an input current ripple of
the PFC capacitor (see FIG. 2 (RELATED ART), graph (b))
input to the output capacitor 13.
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In this state, as shown in the following Equation 1
representing a correlation between the input current ripple of
the PFC capacitor and the output voltage ripple of the PFC
capacitor, the capacitor output voltage ripple of the PFC
converter 12 is in proportion to the magnitude of an AC
ripple flowing through the output capacitor 13, and is in
inverse proportion to the capacity of the output capacitor 13
and an AC input power frequency.

Equation 1

In Equation 1, AV represents an output voltage ripple of
the PFC capacitor, Al represents an input current ripple of
the PFC capacitor, C represents a capacity of the PFC
capacitor, and f,_ represents an AC input power frequency.

According to Equation 1, the magnitude of the capacitor
output voltage ripple AV of the PFC capacitor when the
capacity of the PFC capacitor is identical to the input current
ripple is changed depending on a frequency as shown in
FIG. 3 illustrating the magnitude of an output voltage ripple
of the PFC capacitor for each input power frequency.

More specifically, as the AC input power frequency
decreases (low frequency), the magnitude of the output
voltage ripple AV of the PFC capacitor increases. Particu-
larly, if the AC input power frequency is decreased to a
predetermined frequency or less, there occurs a case where
the maximum value of the output voltage ripple AV of the
PFC capacitor exceeds a PFC output over-voltage protection
specification (protection range). Therefore, the operation of
the PFC converter is temporarily impossible, and the charg-
ing operation of the OBC is also restricted.

In order to solve such a problem, a method was conven-
tionally used which increases the capacity of the PFC
capacitor in order to widen the range of an AC input power
frequency at which the charging operation of the OBC is
possible.

As shown in FIG. 4 (RELATED ART), as the AC input
power frequency decreases, the required capacity of the PFC
capacitor rapidly increases. Therefore, the capacity of the
PFC capacitor should increase about two times greater than
that of existing capacitors in order to extend 40 Hz that is an
operating region of the existing capacitors up to 20 Hz.

However, as the capacity of the PFC capacitor is increased
in order to widen the range of the AC input power frequency,
an increase in cost of the OBC is caused, and the packaging
performance in manufacturing of the OBC may be deterio-
rated.

SUMMARY

The present invention provides a method for controlling
an on-board charger (OBC) of an eco-friendly vehicle, in
which an increase in output voltage ripple of a power factor
correction (PFC) capacitor is suppressed by sensing an AC
input voltage frequency and then performing variable con-
trol of decreasing output power of the OBC based on the
sensed frequency, i.e., a variable control of decreasing the
output power of the OBC as the AC input voltage frequency
decreases, so that the range of the AC input power frequency
at which the charging operation of the OBC is possible can
be extended without increasing the capacity of a PFC power
element.

In one aspect, the present invention provides a method for
controlling an OBC of an eco-friendly vehicle, the method
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including: detecting a current AC input power frequency f
input to a power factor correction (PFC) converter of the
OBC; comparing magnitudes between the current AC input
power frequency f and a first low frequency £, that is a
frequency at a time when the maximum value of an output
voltage ripple of a PFC capacitor does not exceed a PFC
output over-voltage protection specification; comparing
magnitudes between the current AC input power frequency
f and a second low frequency f,,,,, that is a limit reference
frequency of variable control of decreasing an output power
P, of the OBC, when the current AC input power frequency
f is less than the first low frequency f,,,,; and performing
power derating control of decreasing the output power P,
of the OBC, when the current AC input power frequency f
is less than the first low frequency f,,,,,,;, and simultaneously

greater than the second low frequency f,, ..

A non-transitory computer readable medium containing
program instructions executed by a controller can include:
program instructions that detect a current AC input power
frequency input to a power factor correction (PFC) converter
of an on-board charger (OBC) of an eco-friendly vehicle;
program instructions that compare magnitudes between the
current AC input power frequency (f) and a first low
frequency (f,,,,,) that is a frequency at a time when the
maximum value of an output voltage ripple of a PFC
capacitor does not exceed a PFC output over-voltage pro-
tection specification; program instructions that compare
magnitudes between the current AC input power frequency
(f) and a second low frequency (f,,,) that is a limit
reference frequency of variable control of decreasing an
output power (P,,,) of the OBC, when the current AC input
power frequency (f) is less than the first low frequency
(f,.5,,1); and program instructions that perform power derat-
ing control of decreasing the output power P, of the OBC,
when the current AC input power frequency (f) is less than
the first low frequency (f,,,;), and simultaneously greater
than the second low frequency (f,,,,,5)-

Other aspects and exemplary embodiments of the inven-
tion are discussed infra.

As described above, the method according to the present
invention has advantages as follows.

First, if an AC input voltage frequency is sensed, and the
sensed frequency is less than a predetermined frequency, the
variable control of decreasing the output power of the OBC
is performed, so that it can be suppressed that the output
voltage ripple of the PFC capacitor is raised to the PFC
output over-voltage protection specification or more.
Accordingly, the range of the AC input power frequency at
which the charging operation of the OBC is possible can be
extended without increasing the capacity of a PFC power
element.

Second, as the range of the AC input power frequency at
which the charging operation of the OBC is possible can be
extended without increasing the capacity of the PFC power
element, it is possible to optimize the capacity of the PFC
capacity and to reduce cost as compared with the use of the
existing PFC capacitor of which capacity is increased.

Third, as the capacity of the PFC capacitor is decreased,
it is possible to extend the degree of freedom of packaging
inside the OBC and to improve the output density of the
OBC.

The above and other features of the invention are dis-
cussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
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plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 (RELATED ART) is a schematic view illustrating
the configuration of an on-board charger (OBC) of an
eco-friendly vehicle;

FIG. 2 (RELATED ART) (a) and (b) are graphs illustrat-
ing an output voltage ripple of a power factor correction
(PFC) capacitor and an input current ripple of the PFC
capacitor in the OBC;

FIG. 3 (RELATED ART) is a graph illustrating a case
where the output voltage ripple of the PFC capacitor con-
ventionally exceeded a PFC output over-voltage protection
range in a low frequency region;

FIG. 4 (RELATED ART) is a graph illustrating a capacity
of the PFC capacitor for each AC input power frequency;

FIG. 5 is a view comparing regions in which the charging
operation of the OBC is possible according to the present
invention versus the conventional art, as compared with an
AC input power frequency at which the charging operation
of the OBC is possible;

FIG. 6 is a graph illustrating an output power derating
control technique of the OBC, as a method for controlling
the OBC according to the present invention as compared
with the conventional art;

FIG. 7 is a flowchart illustrating the method for control-
ling the OBC according to the present invention; and

FIG. 8 is a graph illustrating a result of the output power
derating control, as the method for controlling the OBC
according to the present invention as compared with the
conventional art.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various preferred features illustrative of the
basic principles of the invention. The specific design fea-
tures of the present invention as disclosed herein, including,
for example, specific dimensions, orientations, locations,
and shapes will be determined in part by the particular
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference will now be made in detail to
various embodiments of the present invention, examples of
which are illustrated in the accompanying drawings and
described below. While the invention will be described in
conjunction with exemplary embodiments, it will be under-
stood that present description is not intended to limit the
invention to those exemplary embodiments. On the contrary,
the invention is intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
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referred to herein, a hybrid vehicle is a vehicle that has two
or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
Throughout the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising” will be understood to imply
the inclusion of stated elements but not the exclusion of any
other elements. In addition, the terms “unit”, “-er”, “-or”,
and “module” described in the specification mean units for
processing at least one function and operation, and can be
implemented by hardware components or software compo-
nents and combinations thereof.

Further, the control logic of the present invention may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of computer readable media include, but are not
limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable medium can
also be distributed in network coupled computer systems so
that the computer readable media is stored and executed in
a distributed fashion, e.g., by a telematics server or a
Controller Area Network (CAN).

To assist in understanding the present invention, the
frequencies at end and start points of a low frequency section
of an AC input power frequency that cause a case where an
output voltage ripple of a power factor correction (PFC)
capacitor exceeds a PFC output over-voltage protection
specification will be respectively referred to as a first low
frequency f,,,,,; and a second low frequency f,,,,,,.

In addition, it should be understood that the first low
frequency f,,,,, is a reference frequency at a time when the
output voltage ripple of the PFC capacitor does not exceed
the PFC output over-voltage protection specification, and
the second low frequency £, ., , is a limit reference frequency
of variable control of decreasing output power P,,, of an
on-board charger (OBC).

Referring to FIG. 5, if the AC input power frequency was
lowered to a predetermined frequency or less, such as a
section between the first low frequency {f,,,,; and the second
low frequency f,,,,,, the capacity of an output capacitor of
a PFC converter was conventionally increased. However,
according to the present invention, power derating control of
decreasing the output power of the OBC in a frequency
region between the first low frequency f,,,,; and the second
low frequency f,,,,, is performed without increasing the
capacity of the output capacitor of the PFC converter.

In particular, if the range of an AC input power frequency
at which the charging operation of the OBC is possible is
intended to be extended from the first low frequency f,,,,, to
the second low frequency f,,,,,,, in the conventional method,
the capacity of the output capacitor of the PFC converter is
to be increased at a ratio of f,,,,/f,,;,» as shown in the

minl

20

25

35

40

45

50

55

60

65

6

following Equation 2. However, according to the present
invention, the power derating control of decreasing the
output power of the OBC in an AC input power frequency
region between the first low frequency f,,,; and the second
low frequency f,,,,,, is performed so that the charging opera-
tion range of the OBC can be extended up to the second low
frequency f,,,, with only the capacity C, of the output

capacitor at the first low frequency f,

minl*

Al
AV fin2”

Al

L Jmim
AV foim

" fain2

Equation 2

Cr =k Ci=k

Cy -Cy

In Equation 2, AV represents an output voltage ripple of
the PFC capacitor, Al represents an input current ripple of
the PFC capacitor, C, represents a capacity of the PFC
capacitor at the first low frequency f,,,,,, and C, represents
a capacity of the PFC capacitor at the second low frequency
T ina-

Accordingly, in the present invention, the output power of
the OBC is decreased by an incremental ratio of the output
voltage ripple of the PFC capacitor in the frequency region
between the first low frequency f,,,; and the second low
frequency f,,,,,, so that it is possible to prevent the output
voltage ripple of the PFC capacitor from exceeding the PFC
output over-voltage protection specification. Further, the
range of the AC input power frequency at which the charg-
ing operation of the OBC is possible can be extended up to
the existing low frequency section without increasing the
capacity of the output capacitor that is a PFC power element.

Hereinafter, a method for controlling an OBC of an
eco-friendly vehicle will be described in detail with refer-
ence to FIGS. 6 to 8.

As described above, the output capacitor 13 of the PFC
converter 12 generates and outputs an output voltage ripple
of a sine wave by absorbing input current following the
rectification form of AC input power due to PFC control.

In this state, as shown in the following Equation 3
representing a correlation between the output power P, , of
the OBC and the output voltage ripple of the PFC capacitor,
the output voltage ripple of the PFC capacitor increases in
proportion to the output power P_,,,.

Al Pou
AV:kC JAToc Py AV ock——+

" Jac " Jac

Equation 3

In Equation 3, AV represents an output voltage ripple of
the PFC capacitor, Al represents an input current ripple of
the PFC capacitor, C represents a capacity of the PFC
capacitor, and f__ represents an AC input power frequency.

Thus, in the present invention, in consideration that the
output voltage ripple of the PFC capacitor increases in
proportion to the output power P, the increase in the
output voltage ripple AV of the PFC capacitor can be
suppressed through control of decreasing the output power
as the AC power input frequency decreases.

To this end, a step of measuring or estimating a current
AC input power frequency input to the PFC converter of the
OBC from an AC power source (external power source) is
first performed.

Subsequently, the magnitudes between the current AC
input power frequency f and the first low frequency {,,,,,, are
compared (S101).
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As described above, the first low frequency f,,,,, is a
predetermined reference frequency. As shown in FIGS. 6
and 8, the first low frequency f,,,,,, is a frequency at a time
when the maximum value of the output voltage ripple AV of
the PFC capacitor does not exceed the PFC output over-
voltage protection specification.

Accordingly, if the current AC input power frequency f is
greater than the first low frequency f,,,,,, the maximum
value of the output voltage ripple AV of the PFC capacitor
does not exceed the PFC output over-voltage protection
specification, and thus control of maintaining an output
power for charging of the OBC as it is without increasing or
decreasing the output power is performed (5102).

Therefore, when the current AC input power frequency f
is greater than the first low frequency f,,,,,,, the output power
for charging of the OBC is maintained, so that the slow
charging of a high voltage battery is smoothly performed
(S103).

On the other hand, if the current AC input power fre-
quency f is less than the first low frequency f,,,,, the
magnitudes between the current AC input power frequency
f and the second low frequency f,,,,, are compared (S104).

As described above, the second low frequency £, , is a
limit reference frequency of variable control of decreasing
the output power P, of the OBC.

Accordingly, if the current AC input power frequency f is
less than the first low frequency f,,,,, and simultaneously
greater than the second low frequency f,,, ., power derating
control of decreasing the output power P,,, of the OBC is
performed (S105).

Preferably, the power derating control of decreasing the
output power of the OBC is performed until the output
voltage ripple of the PFC capacitor does not exceed the PFC
output over-voltage protection specification.

Thus, as shown in FIG. 8, if the AC input power frequency
was decreased to a predetermined frequency or less, such as
a section between the first low frequency f,,,, and the
second low frequency f,,,,,,, there occurred a case where the
maximum value of the output voltage ripple of the PFC
capacitor exceeded the PFC output over-voltage protection
specification, and therefore, the operation of the PFC con-
verter was impossible. On the other hand, in the present
invention, it can be prevented by the power derating control
that the output voltage ripple of the PFC capacitor exceeds
the PFC output over-voltage protection specification in the
section between the first low frequency f,,,,,; and the second
low frequency f,,,,,. As a result, the range of the AC input
power frequency at which the charging operation of the
OBC is possible can be extended up to the existing low
frequency section (e.g., the second low frequency f,,,.,)
without increasing the capacity of the output capacitor that
is a PFC power element.

Meanwhile, when the current AC input power frequency
fis changed to less than the second low frequency {f,,,, ,, the
maximum value of the output voltage ripple of the PFC
capacitor excessively exceeds the PFC output over-voltage
protection specification, and therefore, the operation of the
power element of the OBC is impossible. Accordingly, the
charging operation of the OBC is stopped in order to protect
the PFC capacitor that is a power element of the OBC.

The invention has been described in detail with reference
to exemplary embodiments therecof. However, it will be
appreciated by those skilled in the art that changes may be

made in these embodiments without departing from the
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principles and spirit of the invention, the scope of which is
defined in the appended claims and their equivalents.

What is claimed is:
1. A method for controlling an on-board charger (OBC) of
an eco-friendly vehicle, the method comprising the steps of:
detecting a current AC input power frequency (f) input to
a power factor correction (PFC) converter of the OBC;

comparing magnitudes between the current AC input
power frequency (f) and a first low frequency (f,,,,)
that is a frequency at a time when the maximum value
of an output voltage ripple of a PFC capacitor does not
exceed a PFC output over-voltage protection specifi-
cation;

comparing magnitudes between the current AC input

power frequency (f) and a second low frequency (f,,,,,5)
that is a limit reference frequency of variable control of
decreasing an output power (P,,,) of the OBC, when
the current AC input power frequency (f) is less than
the first low frequency (f,,,,;); and

performing power derating control of decreasing the

output power P_  of the OBC, when the current AC
input power frequency (f) is less than the first low
frequency (f,,,,,), and simultaneously greater than the
second low frequency (f,,,,,)-

2. The method of claim 1, wherein the power derating
control of decreasing the output power of the OBC is
performed until the output voltage ripple of the PFC capaci-
tor does not exceed the PFC output over-voltage protection
specification.

3. The method of claim 1, wherein, when the current AC
input power frequency (f) is greater than the first low
frequency (f,,,,,), control of maintaining output power for
charging of the OBC is performed.

4. The method of claim 1, wherein, when the current AC
input power frequency (f) is changed to less than the second
low frequency (f,,,,.), control of stopping the charging
operation of the OBC is performed.

5. A non-transitory computer readable medium containing
program instructions executed by a controller, the computer
readable medium comprising:

program instructions that detect a current AC input power

frequency input to a power factor correction (PFC)
converter of an on-board charger (OBC) of an eco-
friendly vehicle;

program instructions that compare magnitudes between

the current AC input power frequency (f) and a first low
frequency (f,,,,) that is a frequency at a time when the
maximum value of an output voltage ripple of a PFC
capacitor does not exceed a PFC output over-voltage
protection specification;

program instructions that compare magnitudes between

the current AC input power frequency (f) and a second
low frequency (f,,,,,) that is a limit reference frequency
of variable control of decreasing an output power (P,
of the OBC, when the current AC input power fre-
quency (f) is less than the first low frequency (f,,,,);
and

program instructions that perform power derating control

of decreasing the output power P, of the OBC, when
the current AC input power frequency (f) is less than
the first low frequency (f,,,;), and simultaneously
greater than the second low frequency (f,,,,5)-
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